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(57) Abstract 

An electrode material comprised of hydrous metal oxide, such as ruthenium oxide, is annealed up to temperature just below the 
temperature at which the hydrous metal oxide would crystallize. Therefore, the hydrous metal oxide remains amorphous or non-crystalline. 
A hydrous metal oxide material treated in this manner provides a charge storage capacity and energy density greater than 747 F/g and 
92 joules/gram, respectively, over 1 V range in a sulfuric acid electrolyte. This invention also provides a method of material preparation, 
wherein a sol-gel process is used to fabricate the hydrous metal oxides and wherein commercially available hydrous ruthenium oxide 
powders are treated and annealed. 
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^^©s^fea^^^sftt^^te-c*!*. ^©*^- 

V*«»-7 > .2>££:#-e£*. ^ O B K 3s m t , a 1 ', R 4 ^ 
a» * R a ' , B''ii iCfHiUt!RIEO*fici*Uv * U 

X ai» « (S » T * + * s ff* L Oi c,. 4 - 7a + > 
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XHla 




*t ft fb «fr «B I i« J: * — ax-^^o«( tit 
*$:*tcfim*©*totfrflei'C*rit*-f C 

gmasi )fcUtf*^7 77^H( Sataria 
Xab«rii ) % V * * U * f i'^'f t M( Di s i*arla 
•aa S uinalia ) t if 7 T * T ( foa annua ) * * s 
& & V J* 7 ^ / a ( Chtaopodium album ) * 7^9 
^ *> v h o 7 W ^ ( Aoaranthui vetrof lexas)^ 

T 7 * y 9 7 9 *> * ( Abutiion tnaopnrastl ) * 
f .* T C S Inapt a alba ) i* £ & # 7 ? 

y ? *2 9 a ( Datura atraJaoniua ) # Si »fr H & « 

* « a- 9 -e fx < > 4^i5?a»3:fs<i4^r^*« 

! o.O 0 1 ~3kF©*369iiC.t*<fc'& 

fflL<li1^^^~*S9 1 0 - 3 0 0 ^0* 

»E*cx&ffc*to©«K*cft#-c&a» 1 ^ * * - * 

A 9 1 5~2OQ*©*$6§*K:J:*fl:'fr < B0©«a:«H 



*t3t¥2-50i388(13) 

5£ XVI -C 7* £ K.i 3 -7 V - * 9 f <t «fc © ~ 
»**;Mfctttt82©SS I ' 3 - T «/ — » tr 9 

f^ft-frttO^'^^ftiWW^ffft^^ ^ Via "C^ 

Via t^SHiit^UO t K o * '✓ Yfc^toiHoB ©ifcT* 

fl* *Ht * to £ L t 1E ^ * £ i*«t?4x>-M 
-^/u||a©KJ5t£fe»i*ttH*' — ^^ft-d-to 

p?&a) s b) * cK d) ^ J: •) *r JHftfk 

^te*fcns:ic«giL-c<&*fxx jZX y vi x sc 
-Cia* * Ki <fc*to, r ^ + ^fb*Ri> nK» + vfls* 

*C K J5 S »M fC^4K*SCS-e^SK*JR*»ft-fr«J 
t*-*HS*JR»-efc**^ t*-**tafc:fifc*n©:fr 

XT* ^^*H*iKfMfc*teM* * 
/^KKI 9 5,5 4 6-9^WfcE«SiX-Cl~*. «a 



■ J*®mt**g c a 

mm** * vfntm ) ; ( jf®ffitt^fflt=ffLf£ 

iy» % © ) ; * J: 2cJ£ SO. th?>oi*J:^-to<fiott 
59 fc <* /B L -C % £ H © fl: -fr to , •*fcfe'fe8ft:Sf&i£fc 
*r-*- a <b**m, K Uto* * ■* *• 

a x x « » K , &ft£fet«feu - ■* !■ & fc* © * 5 

# y ^ m m ** ^7/*^ ? — 

0> *H-tm*^»feft'fr«?# ICx i *:^*2Kis^£feft:£• 
ttci 9> <fc B *c u. -c * sasatfcusL'ftWiL-tJf 

# *q * fcj* # ts & * » JK * « * :T & C. £K.t 9, 

K ^ -f x ^ h — ^ x 7** tnXivmi»J: 
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*r » te X ; * Jt 9 >St£*r.fccf5BKts©j: ucff 
£ A. 

h a. * * 4 t'/uyii J;^7^ + At 7 / uy© J: J 

<b> *-uv<z>jt 5 * a * <fc as a» » & ft * * ; * » -v 
hb ef as sub ac * ; z> — <& x 5 

7X T a- =r — a- , f£f>yKHtHP>Ox-?A.fe^Cfi^ 

f- a* ; t -fc k ^ s y a* x 7- a* ^ j. yy-A'-fyT' 
7- a, * h ^*fj; c; v ^ a^^-^y ^ © j 5 fx J» x ; 

* y <z> £ ltL*7**'xttm*'Z>Za * R w fc j: & $ft 



»li¥2-501388 (14) 

M © w*£jsfe> ; ^«i7A,3-^o*©j»i3yK 
^^^u^^^^-f rt<oia*teX') KbixzSifiim; 

f 9^^**X^"t^^«BE^-f 9frA;T.A- + A.*A- 

* * — )■ v 7 9 — — |.*j.ttffliro-3F*;K 
a. * * — > ^ tzhJLYZl3*'S>'VJ-> V <r *s 1 s s 

* a< * * — ^ o j; 5 fxT^ + ^^^-e^^vu^* — h 

t h - > ^ * C 9 ^4'/#/r*^^'/*-hOt 
h 9 ? - h £ © 7 * KlS-fr^JKteCJ: 5 *S 

=. ? JL f o JJ 4 K , 7 a + ^ >. J tfA'7y*T-P 

J* ? * 9 4 P*r I P h *VA<tEHa7>'*«?A/ 



& o 

» a aj < ffifiSft^tttJi^io ) u -c , 
* * ft fc , 9 r » ^ % y^y^^^^xK©^- ► 9 * 

a 7 a * Pi ©* a, m * fei«s«&j£«ot h v J> 

«< * X * H * • 

*tt*9* fctt tt*89ifc*J± Ut^KSti^ftiWi: 
L "C ** % fciAtf > f ^-isa. o-^, * /> tt + v / + 

A- -fc O — J* ^ t i>*D+i'XtA'**D-^ s if J ^ 

-a.ta/3 — a. % 7 a* ^ ^- — f. % yur-f^-i-^jiv 
»s*ffSffl©fcffc:f*«jar<£aK fci^tfxtf ^ B 

P t K ? % 7 f a * / IJ V/ /v x - f jrf J; ^ S 
x v k J RffcKrifcSU, fct^tfa*^Kxxf* 

/ ^ N ♦/ 7 I £ * 7 ^ 9 h 

9 >»xA^AtoJ[y^'f RKxxf ^ ; *a x & » 
ttffcfflK fc4^tfx^i^y^7Wf-h?Bp»Ottid 
Jt rf 9 9 =r - a- *i £ & . 

* JB 9J <C X i|g3SE|E?8Stfflj3tto«t2p fe.pj K X Z> 18 tt to 

KtfAffl, #***J, fllteJKAK0»i#J: 



It, *&§§fc X &ffc^te©-» 4 ten — tt&J:* 
0.00 1 - 9 5**%^ »*U<»iD.5-7 5.»*% 

©*-e^*--f*, c*T,e>©ffl^«5ttx fc£;ttf/i?K*j 

Jt O^lftaica^S^JB-C^^^i t t *:tJ ^ * 0 r© 
x5^c«M, 1z t JLKIUt&m IB &K testis ftttte 
W^^©«5B, 0it <it1 - 5 Ot 
* % , 4#fCl 0-3 01t*-C&4, t Jx 6 © « «3H^ 

»4L <»tl)0.0 0 1 - t 0Xt*> «K»Q.O 0 5 

, bajc»WKJt < ifb'e-to©il>/x< t aitB^fflfrte 
^t^^ i k: & c t K X o m »*t- a 

c: i^-cd * ; fc*^ttBflmtetoXfci&*fefc>*t©» 

fe>i»Sktt«*W55^ lB3»«fcHaR£©T-C©a*3l»t 

29tft$t4:fc<iun. £©Jt5fxifc3featffiiii 
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n bo «tt n * a> » « fc © to r * £ t k i o y 
-C * * . 

u> :oi )Kt4i» s*tt*©'tt*ricj:9aB- 

5L ft t£ * & . *l * (C «± , SttteSnt 
*i«3W^IC®JI|-^SCi:a}it?*v-tO«, £ © « « 

* 98 w © *> 5 — -=> © a 65 * fr/at* * > 



1^^^2-501388 (15) 

( 4fctt )H****WICJtifl!**t, * ^ * 

jw j_ 

* JRffc J- !l * a © tt * © 5 5%#ffc*4.4**y 

>^-^#^^T? n 1 b * (c « « u * c © » » « 

ft 1 0 TO % lSjt9'A>*fi'J*~ri K1 0 m* ^Ja © i a- 

1 8.2 9 ©SttfeKTL t *JR5Siifc#«7L 
{£ % -x7-A-4-^ ocr -2-7A-*-'*-5-( n 

— y h— — * /W y< U 

- I- 3 0.5 ? *fi5TUt2lD^> E*5«*%*: 1 JS/VJ 

1 SOU'S* 4» K^fit 5 4xfc * * y - * fc 5t6£« 

2 » *ttWT?iSfe«tert; 2K12« *#© 150 *t 
© ft tt - f- *> t? 3 GJ« ffi L % * A te as m ftt * <*»e 

-fc © « * i^x^^ja — ^ a a» *s A f b S * . H-> 
K^v'-N->^-^-2-^° o-5-C 3, 6 - ^ 



-1 C2B ) - tf ij * « a- 3 - 4- 7*'*B'<sX 

re K a* » e> H * , » A : 2 2 0 tfeii; 
a *»9F : 

c % s % n9fc ci % 

fttjctt 42.50 2.55 10.42 8.96 19-20 

42.91 2.75 10.42 8-79 18.85 

J5 2_ 

4, 4, 4 ~ h !)7*^B-J-7i^/ D 

-f y?'B|fA'*A'S*4&.fA-) - # A* = V - h £ % 

»--ryyoe^-2-^op-5-C5, 6 - s> * 
K* b - 2 , 4-^*ty-4 - M7**">f*- 
1 (2H)-lf'Jif^^3-4-7A*a'<x^7 
* K * ft 4 * 2 3 4 - 2 3 9 'C, 

W 3_ 

* * ft h 9 ^l.75^Off» t l > OB0ft»ftft 
*!/>Ta-*a^t$ K 2 0 y I- / 2.5 

a n * • c©ta-6-te>c^>^^*^AT€ K5o^ 

«©x^^4, 4, 4-h';7^a»-o-5~Te>'^ 
o h^-h 1 0.2^*5-1 S'O-C « T U -C 10 JLs c 
© JC 5 K L -t » e> ixfz * 1 ^ Td3 » U > 31 ft 

^ -C ~ 5 0 *0 6 O'C^^^S^i. CClCRIrt'e, 

h x x 2 5 «/ ^ © N , N-^^^-^-2-^ 0 ° - 
4 - 7>v^-n-5--f y^T^ M > ^ T { K* 12.6^ 



tiBTutJo^,, a«-^*c©fiffl-ese>*c2^wia 
ffta. -£©SK SE®SE**b1 6 s» « at ttt u , c:k 

STAK, *^ fe« ^ *WH©«1H1JC J: 0 pHJfcfc 5 #c W 
Stio 5HK^»-C> »ftE*e^»1 i-C2B* JfiBlt, 

■ci Cffl> «j * -t * . ^te**M*^>^ «57K«»^^*^ 
RKat^fi»p,s^ft $*4 0 c©^rife-e> H r v — 

fx^^-2-^«»B-5-C3, 6-4^tl?o-2, 
6-5>"a-*;/-4-h >; 7 a 1 □ > f > - 1 C 2H) 

ii^ ISA: 2 5 3 - 2 5 4 'C, 

n 4_ 

^ - 2 - ^ o o - 5 - [ J ( 6-^feK»-2, 6 - 
*>^*i/-4-h97^^B^^/u-i ( 2 K ) - 
i; i^^yu^ - 4- 7**"'<S'^7«>1 9.8*% 
«tt^>^^5.7«^*JJ:. Of«ta^-> tf » a 1 4.0*© 
ft*«>* 5 0 "o-e 1 a?Mtt^-r tt-fi"te«r R^-ciK 
- * 1 50^l!j&3U 7kt£i&<£-tofr<a-@i 5 0«^© 

JW**$BS-tt£. tt^fitto* ^ * ^ --r /w/ a - 
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( 2 H ) - tf ij {V = A3-4-7Ad-B' < ?xX , 7e 

r * » * * h*: 1 5 8*c. 

5 to J: g 6 

W4KIK«CD^&i(5Itt*CU-C, IK £ L "C * *i £ 

■o-5-t 5, 6-^tK»-2i 6-^**^-4 

- 4 - 7 B ^yrf7 i P * * ffl^^*«BR^T 

>t -vfc i 47A + ^ftKI 9 ^ T E ft 1 *C 



I 




« 1 







NR*R a 




5 


CH a 


»<C a H a )a 


1 4 4 -1 4 8"C 


6 


C,B a 




1 6 5-1 6 6T3 



« 7 



»ST2-S01388(16) 

/;/-a5«^0^ h 'J «? a > U- — h 0.5 4 * 
© © tt , y / y- *2 5^*011 - > + 
/ <T * - 2 - S ° o-5-C 2-^ oa -4-*-*X 
- 6 - h >;7/v*o>^>v-3( 4H)-tft; * v ^ 

} - M.I 4 * © » to K 
»TU-CinJtx EJ5ta*fer*1 0#«l»fft4, »£■ 
tttiXWCftKx f a 3 0 n^*J I n * + V y 

-2-^»«-4-7a**«-5-C2-> Y is — 
4-^*y-6-h i;7a^o>^>-3 C 4 H ) - 
if 9 «^*aO-'*»'*T* K#tt?> K •£ t l» * : 
1 1 9 "Co 
J9 8_ 

^^-tf^2 0f^^2 - ^ " " - 5 - C 3, 6 - 
M - 2, <S-fjJ-^y-3->^^-4 - h U7 
* n > a- - 1 (2H)-tf'MfsA3-4-7 
b^A«K3.5 * i* J: VaMk * - a* 3.4 »/ © « 

1 5* * * y 1 s «i**c»**-r c©«**ss 

•C , «S * + 1- y 1 5«^ t PG'i^^ t a^ju7$>'0.7 9 
* fit! -C 2-5 8? M Kkft-t * o 3fRWC % ffi to * 



* 4 0 0 a/ ti&lU> « ® 4 0 0«*©B*Kx*-a."C2 
0 ft ffi ififfit«@ 2 0 0 «iO1 » tt«-C 2 0, 
fti/>-CA»8^^>9*-«>««2 0 0in*-C2E]> SB * 

h 9 pAitKit*. 

U-C»K*^a./o 1 : 2 ) * JB -c ^ 

0 ▼ h r ? 7 -f ic jj 9 lt«"t i- ceafig-c* n - -r. 

y^a^A»-2-^»=-5-C3, 6 - t F » - 
2, 6«f*ty-3-^*-4-FV7A*B> 
^ - 1 C 2 S ) - * U i i> - ^ : - 4 - 7 j> * p 

* ?CT i h* & e> it * • E©3=JKto*ifi*K**'.*'/n 

1 4 6-1 49*0. 
flf 9 - 4 5 

a B -5-C3. 4-f*K»-2. 6 - ^ * + * - 

3-/rA--4- h g (2H )- 

ifi;5^«yw)-4-7^a*-pffA#S**lb> *S £ ^ 

* T < V H»R a R 3 TJTi Kfff*££teJ:9* -* © * 
? u 9 <i Kfcfit> TB«2»CB«0« |-C*8n* 

<t*to***§<bK* : 



f 




ft 


— SR*H a 


4*39*— ^ 


9 


HE 3 


te£ : 188-190 *C . 


10 


H(CB 3 )a 


200-20310 - 


11 


H 


&AI 188-1 89"C. 


12 




1 H— NMR( D fl — DMSO , 40DWHa); 
1 .10-1 .35ppmCm,520, 1.54-1 .60 
ppo(m,1ff;, 1 .68-1 .75ppa(a,2H). 
1 -79-1 .84ppffl(o,2S) r 3.41ppa(s, 
3*0, 3.63-3. 74pp»Oa.1H), 6-58 
pp«(a,ia), 7.55ppo(d.ia) f 7.74 
ppaCd.lH). 8.52pp»C«i.1h>. 


13 


MH(CH a CH-CH a ) 


»A: 127-129TC . 


14 


»(CBa)(CH a CB-CHa) 


MUMP : 

C% H% B5i 
ttJCfll 48.64 3.36 10.01 
*»lfil 48.71 3.36 9-7$ 
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15 


hh(cb 2 c=ch) 


3.15pp»C*»1B). 3.4ppn(s.5H), 4.02 
ppa(4d,2H) ( 6.59ppa(*.1H). 7-60 
Ppm(4 ( 1B), 7.78ppm(d.1H), 9.11PP» 
C*.1H) 


16 


NB(C fl B 3 ) 


ftftA: 205-206*0 . 


17 


NHCCH a C«H a ) 


HftA: 181-18310 . 


18 


MB(CH 2 CH,OH) 


ffiU*: 165-168-C 


1? 


NB(CB 3 CG0C a B s ) 


f&fcfc?; iB-ilMRCDs-DMSO. 400*B«): 

1 .21ppo<t,5B). 3.42ppoCa.3H). 3.98 
ppa(d,2B), 4.l3ppm(a.2B) t 6.60pp» 
(»,1H). 7.62pp»Ur1B), 7.79pp»(4 f 
1B). 9.07ppn»Ct,1B). 


20 


BBCCCCS3)8<C»>J 


mOLl 215-218*0. 


21 


o 


HS/ft: 209-211 *C. 


22 


o 


150-1 52*0. 


23 


Coia) 


c«* B% N* 
8+0ffi 49.2 3.91 9-06 
SSffiHBt 49.28 4.29 8.56 



82(5^ ) 



31 


v 


202-204*0. 


32 




M: 137-13910. 


33 




2 34-235 'C - 


34 


HB-^^-0CF 3 


iB-W4R(D«-EWSO r 400"Ba)' 3.44pp» 
(n.3B). 6.61ppffl(e,1B;. 7.58ppn 

(d,2B). 7.78ppwC4.1B), 7.81ppm 
(d.2B), 7.88ppa(4.1B), 10.91pp« 

(«..1B). 


55 


CBa 

*(cs s X-(^ ) 


137-139 U "C. 


36 


coocs(cB 3 > a 

HB-^^-Cl 


: 1 80-1 81 *c . 


37' 


NHH=(CT:»(aOCcH(CT,),3 f3L& : 225-227 *C . 
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24 


»(CHaXOCH») 


158*0 ; 

C& BSfc N5t Clft P% 
fWa 45.9 7 2.95 1 0-26 8.65 1 8.55 
9&W 43.89 3-08 10.18 8.61 18-87 


25 


KCCB 3 CH-CBx)* 


J59^L : 101-102*0. 


26 


/ — V 


A4 : 161-162*0 . 


27 


CI 


fisA: 157-158*0- 


28 




JBA: 172-175*0. 


29 


C3T 3 


As*: 189-190*0. 


50 


CH, 


C«0§^-«*24.25*C "■ l H— HMR 

(D 5 -EMS0, 400MH2): 1 .42ppm(d.3B), * 

3.41ppa(o»3B), 5.10pp»(qutnr»T, IB), 
6.59ppnCo ( lB>. 7.20-7. 26ppm<m i 1B) t 
7.30-7. 5<5pp»C»»2H), 7.38-7.42ppn» 
(a,2B), 7.58pp»(44,1H)» 7.77ppo 

C4.1B). 9.14ppa(4.1B). 

S* 2 


38 


BH-C(CB 3 ) 3 C=^B 


*B-HMR CDa-D"S0.400MBa): 1.56 
ppa<a f 6B), 3.l5ppm(e.1H). 3.41 
ppa(fl,3H), 6.58ppm<a»1B) > 7-56 
ppa(d,1fl). 7.74pp»(d,1B). 8.77 
ppm(o,"|B). 


39 


BBCCH a C(CH 3 >CHaD 


lB-NMRCDfl-l»4SO,400MHa): 1 .73ppm 

(a,3H). 3.42ppa(fl,5H). 3.77pp» 
Cd,2H), 4.81Ppa(«.1H) r 4.91ppm 
Ca.1H) r 6.60ppa(8»1H). 7.61ppa 
(d,1B), 7.77ppa(d.1H). 8.84ppm 
Ct.1H). 


40 


HH(C 8 B,a; 


*A: 146-148*0. 


41 




BUA: 146-148*0. 


42 


KHCCB(CH 3 )(C 8 H a )D 


*B-NMR( Da-DMSO , 400MB8 ) : 0 . 90ppa 
(t,3H). 1.10ppn(d.3B), 1.47PPB 
(q.uiatot,2B). 3.42ppJn(e,3B) , 
3.81-3.89pp»C».1H), 3.59ppja(a, 
1B), 7.55ppm(d.lH). 7.75ppa(d. 
1H), 8.34ppa(d,1B). 


. 43 


HB(C 8 B 3 ) 


MA: 168-169*0. 


44 


BH(C s H X3 n) 


101-103*0 


45 


NBCCoHi,!!) 


BUS : 85-86 *C 
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gf 4 6 ~ 5 4 

*§ £ r * T * ^ bmr»r* ICliTi KftKiO, -t© 



i 




gas 5-5 8 

* 5 - ( 2 - / j.^'x-6-*^>'-4'->97/w^ 
«StJT« y HNR'R 3 K X i T 5 K ft K J: 0 , 




* 4 





R« 


HB a R s 




55 


T 


NB(CB 2 C»-CH2) 


»A : 147-14810 . 


56 


7 


HHCcCCH 3 ) a (CJI)D 


«A : 200-201 X? . 


57 


? 


»(CaH ft ) a 


1H-NMR(CDC1 3 , 400MHa ) I 

1 .10ppa(«,5H), 1.24ppa 
(t.5B). 5-15-5.25plua 
(m,2iO. 5-50-5.80ppa 
Ca,2H). 4.Q0ppa<«.5B). 
6.5?pjfflx(«.lB). 7.1?FP« 
<A,1B). 7.55ppa>(4.lB) 


58 


B 


HB(CH 3 CB«KB a ) 


jHUA: 62-<53*0 
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3 




% 




9* 
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pq 
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3 2?^tffi<k^^-^3 5 0»/ioeae«5«:c1 QIC 
tfi^U ffl^a«Sj«r1 2 0l0*riCf0.D 5 w3g -c 

5 h b^X'/-I /^^ o ? K^WeKSs WA: 

5 1 -C* 

J:Kfefifcto1 1 9^i«J:CrH t o - f 
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